Early extubation in the operating room after congenital open-heart surgery is feasible, but extubation in the intensive care unit after the operation remains common practice at many institutions. The purpose of this study was to evaluate retrospectively the adequacy of our early-extubation strategy and exclusion criteria through analysis based on the Risk Adjustment in Congenital Heart Surgery method (RACHS-1).
xtubation is a critical event in the postoperative management of patients undergoing congenital open-heart surgery with general anesthesia and cardiopulmonary bypass (CPB). In many institutes, the usual postoperative course after such surgery is for patients to be monitored with mechanical ventilation in the intensive care unit (ICU), where extubation is performed. In 1980, Barash and colleagues 1) reported their experiences with early extubation, and more recently, several studies have suggested that extubation can be performed safely in the operating room (OR) for simple and complex surgical cases in all age groups. [2] [3] [4] However, the success rate of early extubation in children has been variable and dependent on inclusion and exclusion criteria, such as the patient's age, case severity, and procedure complexity. 5, 6) An analysis using the Risk Adjustment in Congenital Heart Surgery method (RACHS-1) revealed that success rate of early extubation became more variable in complex, high-risk cases, such as those with pulmonary hypertension, excessive pulmonary blood flow with a degenerative vascular bed, and/or single ventricular physiology. 7) At our institute, we attempt to extubate all patients, except neonates, after congenital open-heart surgery in the OR, but applying certain exclusion criteria. The objective of this study was to retrospectively examine whether our earlyextubation strategy and exclusion criteria are adequate.
Methods
This retrospective analysis included 359 congenital open-heart surgery cases (weighing more than 3.0 kg; male, 195; female, 164) that required a CPB at Kitasato University Hospital between September 2003 and May 2011. The patients' ages ranged from 1 month to 18 years (mean 2.46 ± 3.64 years). We excluded neonates and preoperatively intubated patients from the study. The surgical procedures for the 359 cases are detailed in Table I . The study complied with the Declaration of Helsinki and was General anesthesia was induced using a balanced technique involving a volatile narcotic agent (such as sevoflurane and fentanyl). Intubation of the larynx and trachea was achieved using a lidocaine gel on the endotracheal tube. Low hematocrit (< 25%) was avoided during the operation. Arterial blood pressure was monitored continuously in all the patients with an indwelling catheter, and central venous access was established before the skin incision. The CPB was established by performing ascending aortic perfusion and bicaval drainage. The priming volume for the CPB was 120 mL (< 6 kg), 140 mL (< 10 kg), 200 mL (< 14 kg), 240 mL (< 19 kg), 450 mL (> 19 kg), or 650 mL (body surface area > 1.7 m 2 ). Transesophageal echocardiography was used to evaluate the success of the procedure.
EXTUBATION IN OR AFTER CONGENITAL HEART SURGERY
At the end of the procedure, patients were considered for early extubation in the OR if they were hemodynamically stable and did not meet any of the following six exclusion criteria: severe pulmonary hypertension (perioperative PA pressure greater than 60 mmHg, PA pressure more than half of the aortic pressure after weaning from CPB and nitric oxide induction); high-dose catecholamine administration during the perioperative period (the usage of Dopamine for more than 7γ, Dobutamine, and Norepinephrine); a need for delayed sternal closure; laryngomalacia; serious bleeding, and; delayed awakening. The final decision to attempt extubation in the OR was made by the attending surgeon and anesthesiologist, and extubation was performed by the attending anesthesiologist. Patients were re-intubated in the ICU if the attending surgeon determined it to be necessary.
We used chi-squared and Fisher exact tests to determine statistically significant differences between extubation groups as classified by RACHS-1 categories and age groups. These groups were observed until discharge or first re-intubation to investigate re-intubation ratios and its causes. Cases were divided into two age groups: from 1 to 12 months and from more than 12 months to 18 years. Cases were also classified into two groups according to RACHS-1: categories 1-3 and categories 4-6. Multivariate analysis using the stepwise method was performed to model early extubation in the OR based on potential predictors, including operation time, CPB time and RACHS-1 categories 4-6. The inclusion of variables in the multivariate models was based on their statistical significance in univariate analysis of gender, infant, body weight, operation time, CPB time, RACHS-1 categories, Down syndrome, and palliative operation. Statistical analyses were performed using JMP 9 (SAS Institute Inc., Cary, NC, USA), and statistical significance was set at P < 0.05.
Results
Of the 359 congenital open-heart surgery cases, 298 were extubated in the OR (83%). However, rates of OR extubation varied according to the type of procedure performed, as follows (Table I) : VSD closure 87% (110/127); ASD closure 100% (75/75); Fontan procedure 93% (26/ 28); RVOTR and PA plasty 69% (19/28); TOF and DORV repair 85% (23/27); Glenn procedure 69% (18/26); valve replacement or plasty 76% (16/21); AVSD repair 60% (6/ 10); and others 29% (5/17). OR extubation rates classified by RACHS-1 categories were as follows (Table II) : risk category 1, 100% (59/59); risk category 2, 84% (164/ 200); risk category 3, 78% (61/78); and risk categories 4-6, 45% (10/22). In addition, 29 cases of chromosomal abnormality, such as trisomy 21 (Down syndrome), were included in the total patient population, and 69% (20/29) of these patients were extubated in the OR: 3/3 (100%) in category-1, 14/22 (64%) in category-2, and 3/4 (75%) in category-3. Thirty-eight out of 359 cases showed palliative operation and 55% (21/38) cases reached extubation in the OR: 17/24 (71%) in category-2, 1/6 (17%) in category-3, 2/6 (33%) in category-4, 0/1 (0%) in category 5, and 1/1 (100%) in category 6. The extubation rate in the younger group (infant: 1 to 11 months) was 72.1% (129/179), Fukunishi, ET AL Figure.
Comparison in early extubation rates between high and low risk operations (A), and young and old patients (B). There are statistically significant differences between RACHS category 1-3 and 4-6, as well as infants (patients of less than 1 year) and more than 1 year.
while in the older group (12 months to 18 years) it was 93.9% (169/180), a significantly higher rate than that of the younger age group (P < 0.001, Figure) . The rate of extubation in the OR among cases in categories 1-3 was 85.5% (288/337), but was significantly lower for cases in categories 4-6 at 45.5% (10/22) (Figure, P < 0.001). In risk category 4, eight out of 19 patients (42%) were successfully extubated in the OR and did not require re-intubation in the ICU. In category 5, only one patient was extubated successfully in the OR, while in category 6, two patients were extubated in the OR and both needed to be re-intubated in the ICU. Even in category 4, of the eight patients who did not meet any of the six exclusion criteria, all were successfully extubated in the OR, without re-intubation in the ICU.
Out of 298 extubations, re-intubation was required in only eight cases (2.7%). Table III summarizes the reasons for re-intubation: hemostasis (n = 2), reoperation (n = 2), myocardial infarction (n = 1), asthma attack (n = 1), acute bronchitis (n = 1), and trachea stenosis (n = 1).
In 61 cases (17%), patients were not extubated in the OR as they met one of the exclusion criteria (Table IV) : severe preoperative pulmonary hypertension (n = 22), high-dose catecholamine (n = 13), delayed sternal closure (n = 5), laryngomalacia (n = 1), serious bleeding (n = 12), delayed awakening (n = 4), or others (n = 4). The mean duration of mechanical ventilation in this group of patients was 3.98 days, and seven of the 61 patients (11.5%) required re-intubation after the first extubation in the ICU. The reasons for re-intubation were airway obstruction (n = 2), phrenic nerve paralysis (n = 1), larynx edema (n = 1), cerebral bleeding (n = 1), and other (n = 1).
With regards to Table V , the univariate analysis revealed significant associations between re-intubation in the ICU, longer operation time (P < 0.001), and higher RACHS-1 category (category 4-6, P = 0.026). Additionally, CPB time was added as a variable for the multivariate analysis because it may be associated as a potential risk factor for re-intubation in the ICU (P = 0.104). The multivariate analysis demonstrated that longer operation time was a significant risk factor for re-intubation in the ICU after early extubation (P < 0.01).
Discussion
The management of congenital open-heart surgery has significantly improved over the past few decades as a result of developments in surgical skills, perfusion techniques, anesthetic management, and postoperative care. 6, 8, 9) However, extubation in the OR following surgery is not a common practice at many institutes. Following the report from Barash and colleagues 1) in 1980, Vricella and colleagues 6) reported in 2000 that of 201 congenital openheart surgery cases, 175 (87.1%) were extubated in the OR while 188 (93.6%) were extubated within four hours of the operation. In 2008, Mittnacht and colleagues 3) reported that OR extubation was successful in 79% of their pediatric patients (178/224), even in cases where complex procedures were involved. They concluded that the greatest risk factors were young age and a longer duration of CPB. In 2014, Grag and colleagues 5) reported that OR extubation was successful in 87.1% of their cases (871/1,000 patients, including 40% neonates), with success rate dependent on the details of the procedures performed. Although the final decision on whether to extubate patients rests with the attending surgeon and anesthesiologist in each individual case, we have attempted to make OR extubation routine practice for all suitable cases. Patients younger than 1 month old were excluded from our study, which meant that all procedures performed during the neonatal period, including first-stage single-ventricle palliation, were excluded from our analysis. Nevertheless, this study included a wide range of complex congenital heart diseases and a variety of procedures performed on patients with differing ages and/or body sizes (although weight in all cases was greater than 3.0 kg).
EXTUBATION IN OR AFTER CONGENITAL HEART SURGERY
Preoperative pulmonary hypertension (PH) is generally considered to be a risk factor that contributes to early extubation failure. [10] [11] [12] Some reports have suggested that PH be evaluated as mean pulmonary artery pressure (MPAP) divided by mean systemic arterial pressure (MSAP) before and after cardiac surgery. Vida and colleagues 13) reported in 2006 that PH did not seem to be a contra-indication to early extubation after VSD closure, and reported that 65% of their cases (65/100, including those with preoperative MPAP/MSAP < 0.6; extubation rate, 84.6%) were successfully extubated in the OR. Furthermore, patients with severe PH (MPAP/MSAP greater than 0.7) were extubated, with none of them requiring reintubation because of PH or a crisis in the postoperative period. 5) However, having pulmonary pressure greater than half the systemic pressure after weaning from CPB was considered a contraindication for early extubation.
3) Thus, from our results, we considered OR extubation to be feasible for patients with low pulmonary artery pressure after weaning from CPB, or with low preoperative pulmonary artery pressure.
CPB duration was another independent factor correlated with the success rate of early extubation. 1, 3, 14) A long CPB time was consistently associated with prolonged mechanical ventilation and serious bleeding after open-heart surgery. In addition, this was associated with an increased risk of inflammatory response syndrome and cardiac edema, resulting in delayed sternal closure, decreased respiratory compliance, acute lung injury, and coagulopathy or serious bleeding. As a result, longer CPB duration could reduce postoperative cardiac output and require high-dose catecholamine administration. Indeed, some reports have suggested that OR extubation is successful in cases when the CPB duration is less than 150 minutes or the aortic cross clamp duration is less than 45 minutes. 3, 10) Older age is also an important factors associated with the success rate of extubation in the OR. Several reports have stated that the majority of patients older than 6 months were successfully extubated in the OR. Similarly, other reports defined neonates as one of their exclusion criteria. [3] [4] [5] 13, 15) During the neonatal period, most operations were considered high risk (category 4-6) and included procedures such as repair of the total anomalous pulmonary venous return, the arterial switch operation, the Senning procedure, and truncus arteriosus repair. It is therefore understandable that many previous reports excluded neonates as candidates for early extubation. The low extubation rate in our study also supports this assertion.
Aristotle scores based on subjective determinations, such as mortality potential, morbidity potential, and surgical difficulty, are used to predict surgical procedural risk. In 2010, Abuchaim and colleagues 16) reported that, if Aristotle score was low, OR extubation could be performed after CPB cardiac surgery without complications. The is comparable with other subjective determinations including mortality rates and Aristotle risk classifications, and has been widely used for analysis in many reports and articles. The Mount Sinai Center (275 patients) and University of Tokyo Hospital (49 patients) 17) both reported that all RACHS-1 category 1 patients were successfully extubated in the OR, but that extubation became increasingly more difficult in category 3 patients than in category 2 patients. In this study, 84% of category 2 patients and 78% of category 3 patients were extubated in the OR, with no statistically significant difference found between the two groups. Overall, 85% of the RACH-1 category 1-3 patients were successfully extubated in the OR. In contrast, the extubation rate in category 4-6 cases was low. Based on our results, we suggest that OR extubation can be safely performed for RACHS-1 category 4 cases who do not meet any of our six exclusion criteria, but that it should be approached with caution in RACHS-1 category 5 or 6 cases. In our study, the extubation rate was comparable to those of previously reported results. [3] [4] [5] [6] 17) Down syndrome and patients who underwent palliative operation are frequently associated with increased perioperative morbidity, including air compromise and perfusion mismatch between arterial and venous circulation after surgery.
11) However, it is confirmed that in our study, patients with trisomy 21 and after palliative procedure are not necessarily excluded from candidates for early extubation in the OR. Study limitation: At our institution, establishment of routine early extubation undeniably reduced the use of ICU resources and the length of hospital stays, although the reduction in costs achieved by following this practice have not been calculated or compared with previous established routine practices in this study. In addition, complex surgery could take longer operation time. This could cause multicollinearity in multivariate analysis examining the risk of re-intubation in our study. However, we were not able to clarify this problem because only a few patients in RACHS 5 or 6 were extubated in the OR due to exclusion criteria. Complexity of surgery could have more influence on re-intubation.
Conclusion
Extubation in the OR after congenital open-heart surgery was successful in the majority of our patients, even following complex procedures. OR extubation rates were significantly higher in cases involving RACHS-1 risk categories 1-3 and in patients more than 1 year old. The reintubation rate was minimal when cases did not meet any of our six exclusion criteria. We conclude that extubation in the OR after congenital open-heart surgery can be performed safely using our exclusion criteria. However, longer operation time is a significant risk factor with regards to re-intubation in the ICU after early extubation. Further investigation is necessary to evaluate the cost reduction benefits associated with early extubation.
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